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_!EASUf:'_EZENTS IN FLIGHT OF THE STABILITY, LATERAL-

CONTROL, AND STALLING CHARACTERISTICS OF AN

AIRPLANE mQUIPP,JD WITH FULL-SPAN

ZAP FLAPS A)ID SPOILER-TYPE

AILERONS

By J. Richard Spahr
azid

Don R. Christoph_rsen

SUMMARY

The stability, lateral-control, and stalling caaracter-
istics of an airplane modified to accommodate full-span Zap

flaps were measured in flight at the Ames Aeronautical

Laboratory.

The static and dynalric longitudinal and lateral stability

was, in general, satisfactory. However, the airplane exhib-
ited some undesirablo lateral-control characteristics includ-

ing excessive friction and elasticity in the lateral-control

system a_.d ; o .... ._n_u_icie_]t aileron effectiveness in ploducing

desirablG rolling characteristics.

By setting the control-force-reg_lating vanes, with which

the upper-surface-type aile_ons were equipped, in the nose-up

position and by reducing the area of the aileron upper

surfaces, it was possible to lichten the lateral control forces

without appreciably decreasin_ the corresponding aileron

effectiveness. However, these aileron modifications were not

sufficient to effect satisfactory rollin_ characteristics for

all flight conditions.

The maximum lift coefficients of the airplane calculated

from flight-test data with the full-span flaps up, half

extended, a=.d fully extended are 2.01, 2.42, a_d 2.78, re-
spectively, with ratGd power applied and 1.48, 2.05, and 2.27,

respectively, with power off.
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L TM T'_r0 "IN- RODU _.,._0_,

The need for increased maximum lift coefficient and

_ ,..ec_e_._e._ =_r_,_l._g speed has led to considerableoons_qlter:0 _7 --. ,,- _ _,,- _.',,,

interest in t_:e use of flaps extending r.lon_.jthe entire win S

<,)_,'_. __'.-- ._:,,-_""_ wind-tunne 7_ investijatio:,s., ancl some flight

tests have been conducted to develop a satisfactory combina-
ti'm of fuiL-s_an flae's and kateral-control devices. Of the

devices teste(., the .p._u[_-type spoiler-slot a'_ierons_ _ests
of which are reported in _ _ -, '_ ,-ze,eze=_ce_ i si_d o a:ooeared to

.Dr_c_.ce the E_o _ r!cslrau_,.e .J__.t_. _,:_-c o_ _1 o! ox_.l,ac"-_ ...._el"l,_'-"-_os,

,'77._._e investi_'-'.on.._. L, reoort::d, herein was conducted to
determine the stability, !at .... o_. _-_'-,_7 and sta!i!n_; char-

a._zo_a=_ equio<,ed, _.,'ithv,,'incs ¢mployinl

mo4ified p!u[_-type spoiler-slot alie;-ons and full-span Zo.p

_'_-_±.,.,j_,The investi_<ation also included fii_d_t,=test_" of t_,_,
alr;olane ,,._ithvarious m)difications to the lateral-control

system mace in an attempt to improve the lateral-control

ekaracterisZics of Zhe airplane.

DESCRIPTiO'[ OF _'.r_ *"r-,_-,'.,-'

The airplane used in this investication is a two-place_

s_._'±,_,-c,-cn,,_ '7"_nc",r::idwing,_ cantilever mono'o!ane_ with fixed

landi.'.t_ jear. TI_o airplane is equi)p}_ed with foidin{.: _.r!ncs_

fv!i-span Zap flaps, upper-surface ailerons, and mo_7ified
hc.ri::.ont_ tail surfaces.

Genera! views of the ,_,---7-_ o_ in

and .3, Details of tile _.,ri_'...=,_ Zap.... f!aps_ and uDpcr-st.u'face
ailerons are _o_csentcd in fi_ures _ to _:

_he upi:,eT'-surfacc aiiorons_ ,:=_,,,, in their o_,i<,_nal

coaditlon in fi_z.'.rc (o_ arc actuated by the lateral-control

_' a" _ opo'r'at in trac}r_ssystcm_ as sl'-own in figure o, The _..l<,rons e
7.o0 .....atco. _.rithin u_c vln C str,:cturc an<i, when as'rusted by the

control syste.7, deflect o,bovt s. center of rotation exterior

to the win;; surface° The aileron dlffer_tial !inkacc located

in tno fu,sc!,.u ....o shovn in rijjtu'c _ for two positions of the

_k. ,,_c latcral-co_:trol syste:u includcs a sr,x_].!control st._ m_..
vane locabcd ;-" ,'_ [_ap,,e...c,£th uach c.iloron surfc.oc ip. the spanrisc

oz'cated between the aileron surfr:co and the upper "_'in C surface
dc. tcc_zn_:r the ailerons (.I:_, 6) _ " _"by ÷ _" " -s ,,- . ,_,csc vanes arc ac_Justable



}

in ;_it_, _ • .... " _- -i

,.s _ ........ted fisur6 8o une purpose of the venes is to

<.,,,,..,_,.o<_ o__._ lateral-control forces. _:_ vanes were s_o in

...... o-" 7 .... te _ oi_ditiont;:'_nose--_tp r)ocit4on foc _h,e _z+ _no_l _o c o

'ir_e i_l;7 _ "_-_->Dan Zap flaps_ <_' sho'<-___ ip_ _b_P-_""_ #, _, and 7_
cliffer mat "<_'_-7 _._ z_..±_.ye-,,nm the e_._'J_ier vei_sz-%_ referred to in

various cteroc!_amic _-.-_'_ ..... "±.u,_iicatior.s ,,.s t]se Zap I-_p a_,.o. _.!hic!:_ was
in .... " """_ - ....... pc, line which moved n.ft

<,1:_5 c__o,_ _; s :,.'ie _ ._-__....]-ra_ +.e= ±ec we_. Tile _or°be-'• o
desiA:n is a device for slnults.t'_eously inc:"easin_: the _'_-_ ant!

• " ".:-".... _"_ t]'.e-f."_f _- of stimulating anclcamber of tlze ba.szc .. _<.., ,._. ,_:,_o=e
_<-_:-"_" the _ ..... ' of the t,.u:..n@:, _,-_ ......:._ _.:__p iS coP.sbrucZe(! s.s

_.. __=_,_:.e,. _. -,rkicb_ is tanjer_t to the upper
-" "- "_ Z_,le . ._.Y_,con[;our of _"__,e _._xr,_<,_ ._ea_ the trai!i-_c e_::-:.e-_"of "_ .__ _ when

.... _he,_.__.±_ is _._o<_.,,_..,_-, Lrten• retracted wibhin <_ .....
tz .... _'_ ed6e of the .flap zo.rus the trai.Lmn,r_ ec:r,e _z tT-,e win_,

..... o_._._:on of the fla..) _s acc._mo7,sne_, by ;_otation a_o'u_ a
center coinci£ent" " ..... b:_ 0" of _'- " _,-...._-s_bn .... ceL-,er its o_:n _oruco_za_, arc;

L,bu.s ..... _+_--'"' ....... _ tlkroo.-_;hou.tthe b,'Asic
airfoil anc\ f!a!] in n71 sta_,'_s of rotation (fi{, 7)

__,=__,<.,_ soec4f_.catzons of the airp!are as oric!na]_iy
_..±_0,.,_ :(.elivered for _est, arc as-r_-7 ,-_

Airp ian c

Lencth (over-all)'." . ..., . .- . ...

Kei_b_t (thrust line level_) .....

;_orrr;e.lcente,_-o-.-u_a\,,c,_, position .

brmal ............

Z!.O ft

ioft il-!/S in.

-..7 pcrcen_ _'_±_ of

i:he leadin_2; oCNe of

th.e mean aerodync.uic
oh.oral

, r_6 h
%00 bhp at 2___0 rpm
at sea =ev...l and
q_O0 ft

-50 o2_n,at 2>,t_,_rpm

and 35.5 inches of

.,_;_o._ at sea !cvcl

2rope!!cr
m _w'.,m . olc.<.e ;

sp.c_
Dis--" 8 _iO ft



are_ h u., n a _e o s a

4° 5 sq ft of fuselage) .....
kirfoil _"_ sec_lon o , ...... , .

Dihedral ........._ _ _ o

II+ e,:n ee¢+ -1......
ii0cidenc e • ........... •

iiean aerod_n,lc c._ol d ...... •

Wing flaps (each)

Area (aft of kinge) ..... .

Span ..........
Def!e;t &......... .

Ailerons

Lenjuh (along each wln_) . . •
mot<! area aft of _ .....

Deflection

36,o #-i.;

205,=8 sq ft

Zap section, tapered
in thickness from

17o25 percent at tPe
center line of the

airplane to 12 per-
cert at the ring tip

7o0 °
2o_I '

3°0 °
72.5 in•

19.16 sq ft

15 ft 7 in.
41o551 rotation;
" _ _ c, 21oozal_in e edce 5

percent chord aft,

23 percent chord
down

!O ft, _.8 in.

I_._'_6sq ft

Left .......... • "37.g° uo
• O.75 ° d n:n

P lc_]_o ...... , , . • '" .-r_•0 0 tip

• 2.2 ° down
Horizontal tail surfaces

Tota! area .......... ... _9o3 so ft

Span ........... . . . 14.5 ft

Total area inc!uCin_ _!-_3..... 'sq ft _f " _ _'-±use_aLe a;nd _-

sq ft of elevator balsnee• . . 35.8 sq ft
Dihedral ........... 7.O o

incidence ........ . . . 3•O ° from t_ust

line (!eadins
edge l_p)

E I evat or s

Total area aft of hinge

ineludins trim tabs ........ 23• 5 sq ft
'2g 2,°Deflection .... .. ...... _ * o up

•24.3 ° down
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Total area_ ° . . ° , o 2.6 sq ft

Deflection of _raiiing

edg'e from neutral . ° , . ',:-ii_9° up

"12o9 ° down

Vertical tail surfaces

Total area ........... . . 20°4 sq ft

Fin

Total area including loIS

sq i_t of rudder balance... _ 6.9 sq ft
Rudder

Total area aft of hinge

inc!udin_] trim tab , . , . . _ IIo_ sq ft
27 left and_eflection . . o . o . .... * _2 °

• ic !r _t

Tab

Area° . .... . o 0°35 sq ft
Deflection[ ....... -20o left and

rig_ht

*Values measured at the laboratory

The kinematics of the !on{_ituCii_ai- and latera!-contro!

systems ,.,.tn the surfaces _._._._,_7'_aodare p-nesented in

fij_ures i0, II_ and 12.

ifinor modifications made to the lateral-control system

d__i_.,...."-_y the course of the tests in su.._.0_e-:D_-__- _ to improve the
lateral-control charact _'_'_÷_ _ _ o_ _-" -......._i_o_o . one airp 7_7_,_"include:

_oo_____c_,.oion i.-Vanes piaccd in nose-c,.o_,m oosition
_:_,Ailrmcao=o n o VtTnes removeg_ _ror:_ a=i a_.e= on surfaces

llodification _ A......of -_ ":-_÷ ,_ 7.......d

avera_'e of I/_ _._'_:,',vanes set in nose-

" up pc sit i on

"'_,o._,.1.,__'_'lcs.tion _.-_' Upper surface of outer and inner aileron

panels cut back_ thereby reducing the
_.o_e.L-ou._._,_ce arcs. byorig!nal "_i_f "_ _ _a appr oxi-

mate!y _ percent (fipj. 5); vanes set
in the n_se-_.7<m _osition2 _

_o<ific.. _o,_......5,- "_-_r_i_ surfaces as in modification _ with

valqes _e_, _..I_ i!o,y,.e-lJ.j.9 posloion

iiodi _" _" 6 _ :..... _"" of. _ our_c central aileron panels
-_educec: _n area as in modification

%_, oh VC.ZC C _""-.i__..... u in nosc-up ?osition; tile

modified u:pper surfo.ccs are sho_n in



Nodlfication q.- UpDer sv_faces as in modification 6

with vanes set in nose-down position

i\1odlfication S.-UDper-surface slots (fic° ii_)_ crispin-

ally coverec% t'ith _ _.o_'_'_c,opened; vanes
set in nose-ds_:n -"o _

_.:=_C_photograpl_ical!y recordin C znstrumen_s _.rere in-.
stalled in the airplane to obtain records from which the

fo!J..o_._in_ ,quantities _:ere evaluated: indicated airspeed;

e!evator_ aileron_ and rudder ar:g'!es_ ro!i_n_ e.nc! ya_,d.nj

velocities; elevator and sileron control force_,, an_!_ of

silesl!p; and n'mme.l an& latarc,i acceleration factors°

_+_.-.,_,_a_..._,_..,. s.ir_iane_ inclicatin_ instruments _.Tere used to

c3o_-n ''_'__- manifold oressure, engine ope _ and free-air
t elf,.->c ioc.t;] r c,

0o. l_eool "'_..__.... , ,,_o oo._lecte_, to _. V_ZlOc! a.il_s]?OO_.

head _;i*..ich _.'s.s free to rotate in pitch anC ys._.._, The airspeed.
t<cad _raS mountcC, on tile for,,mrd eni of r.. bonn _,,iiicb -,as

iooateC n._rr, the left _.rin_ tie ,..no;. + "_ _..
:.ri_t_:J-c]_ot'cl lc._._th_'"a_ioe,c!' of _uho -'_,.._t_............"_c] _'', ,.

The elevator- a:_,c_rudder-ancle r..co_dcz ,., vzere attached to
u!-C C_,_t-o_ _v_ ollZrol _'_'_ _s pc _-_'_ _-o_.ouoi.:s O.S close to the C _._ ..........
-_ ,'_',', _ la.stic ity:.:tn._m_t_,,_.<_th::_ effects of controi-s,.,'sten e
on the recorded values of cortrol oositions.

Due to the absence of _ _: -'o....uf_cT_n_ space to accomF_oO.ato

cn _.i±eron-an;?!e recorder in the wlnj near the a_!e_o_,

this instrument _as mounted in the fuselage at the differ-
entia! -' "L]C _ _lg."._ 1 S7i,

_.,_ccontrol-force recorder was installed on a spcciaily

constructed control stick_ the, _rip of _f_ich was in the same
locs.tinn as that of' the nor_._a]. __-'-

_e sidesllp-anclc rccorder vane _.ras mounted on the for-

,_.'_C end of a boon which extended appr_ximate!y one wing4_-chord
7o:_,,,_, .. _,,_ near the .-'"- tip (fic,. '-)._...__,o..ahcad of the r_ " _ ...._, ,,,_ %.111 o

All records _ere synchronized by means of a tinct,
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TESTS

The stability- and .lateral-control characteristics of ti_e

airplane _:ere determined in flight _<itll the center of gravity

located at 2g_4- percent of the mean aerodynamic chord a_d

with an average gross -" "_ _ _ry_ pOLin(_S,

The dynamic ioncitudinai stability, as i:_dicated by the
r7 _-_ _ of ,-7 _ -i -__eo_e_ _a..p_n_ of u_e short-period oscillation, was inves-

titivated for various combinations of power, flap positioms_ and

airspeed by d_f7_mT.-_c____._ _____.and.... ouicklv_o releasmn_ the elevator

control and recordlmc _._:_.ere_.:.t1_._ mqtioms. T_sts for the
determination of static .lon:_tltudi_al stability were _ade in

steady straig_i_t f!i_Lt for the feiio_,_in_ ccnficurations:

(1) climb co:_dition -razed oo_er, f].aps up; (2) _q_s_..... coF_-

dition - po_._:eroff, llano up] (3) _-_ave-off condition - rated

po_._er, flaps do_-_n; and-(i_) la_dim T condition- poT._er off_
•_-_-,_ _om_. Recorg_s were t¢.._, of _everal three-oomn_ !and-

incs to ascertain the elevator control characteristics i_

iandin_.

The elasticity in t!_e lateral-control system was deter-

mimed on the _round by measurin£}_ the def!ectmo_:, of the left

and right ailerons _,i_en they _-._ercseparately sub,A_0ted to

various static !oad.incs _,ith the co_trol stick fi_ad in

several positions, in order to estimate the frictio_ in the
t_e records of am!stem .....7_ a_d_,__e_,_-contro! _ystem_ from _-_ ....

con_ro_ stick _as moved slov_].v f_o.., lefto_ce_ tie _-
to richt several times boti_ on the _round ,_ith no load on

the surfaces and in fil_ht at various conditions.

Records were made of the motions of ti_e airplane and

control surfaces resultin_ from (uic::iy pushin_ and

rclcasinT the stick !at _'_'_'" _"__-__ _-_t_: the airplane in flisht

at several po_er, flap, and speed conditions to indicate
the chars.cteristics of the controi-frec lateral oscillation.

in order to determine the ailero_ control charactcristics_

records were also taken for the follo_ing conditions in

abrupt rudder-fixed aileron rolls in _,d:ich a constant aileron
deficction was maintained until the roi!in_ velocity had

attained its maximum value:
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iO-:O_

i

Flap posit!on i indicated airspood (mph)

Un t ,_° " _5_

l, _ do_Tr_ j s"-- E:ZCI 2.cc:

Do.,m i 92 s-i __
.4
! 92 and 155
I 92 a.nd 1.22_

i 92 and 122

Off
, up
i #

i ]./2 "_n"'..L _JTi

Ruddor-f_txol aileron rolls .ci e ..... o; .m_._e .....

_ r{, uo¢_-iDxTcr _ for. :__uL,.P_b OO.Cil LlO(.1._lOAbiO_ to t].lO

!_cra._-conGrol _{.-stom_ _./, _h. f.!:'.ps u!) the rolls _,cro made at

ao )r ......... _ co 155 ._o____.z..;_,._.o''" e_d miles nor "_...... and _,,.ith flaps do:-m

2 .,l.L I

.-_o;_'ds _:cro ta]<on with the -_ ...._"_,_ in suc..q&y s:::._os].ips
.&_o_±,._leS of rolli12< T:?ors.c_!to_uo to

sig.osli]} (di_io_.ra_ <ff_co) . These fllg,u tests IToro mO.&_, with

t _'':,.,, /.imi_lL'.nc in its,_ or__<.;._ con:_%l,,ion ; oz' the ,:,dC"I(_i'a! oo_]]bJ.-
n'tc!si.',:;of ._9o"rcr.., fia') "position, P.no. ali'_poock, sho_n_ bc.lo::,

[,

' _ U:_ oo . ,- -_ 155./(_ .& ; '..Li' Rat cd "
i Do! r__i c, _, -

_!

i "_'O O ,:_; _.,._.,_,.__ 7 _<F_Off -' ---'
>._ and 121

.....=,_ ,,_,c ma_tc in straijht_ ._=t,__o._"_'_- for the _eo__c_miuation_.

of thc sta_i]in< ch_,r&cteristics of _"uz:e airloit'._e. Ti_o tests

_vcrc carried out _<ith the airplane in the ori_]ina! conditior_

and. _ith t;_e _ _ .__ ,.... c<.n0or _f. ;:Z'o.vity_...ov_tooo_-_.... at an_oroximo.bo!v 31,i

pcrccnt of tnc moan acro&ynamic chord an& an a_c_._,; gross

• _ci<.:llt of _i20 pounds. _'-, ; _.,.o fol].o_¢in_ typos of stall and con-
troi in t:'_c _u_.-.-. wore o.tt _" _t.r.puo_,_ for all comleiri_.ulon of
_o::cr (rc,tcd an& off) c.n& flap position (up_ one-half clown,
an,,! do_.n_) :

!. Control stick brought bc.ck and hold at first warnin[:_

of stall, ailerons and rudSer fixed
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2_ Stick _" .....o__,!ed full back and llelo._ aiieron_ and rudder
fixed

"- " :" _- c 77_tick brought back _o po__n_ of _ta__ and keld,

control by means of _7_-o-_ alone,_,._....... rudder _m._d

_. Stick brou_ht back to point of _a_-÷.L_ and _s

control by means of rudder alone_ ailerons fixed

__"" ...._ 9.it flow o- _ the win_ durin C theIn or@.e'__ to S bt.O__,b_k. _e_.

various s_a!ms, 6-inch wool b_<_ts were placed_ over the u_,pe_-_,
• _e _ _."_.... _ lin_ ob erver in the rearsurfac of the rl_:___c ._ e._.o ._ an s

cocxplu to note the manner anct [_ot_._:e_,.sion o,_ the _low break-

a_:s.y:,

The staomi!ty ar_d sta!!in:c ' _ ...." " " _..c_a_.acoeri.stic_ o_ the test air-

p!s_e in general im'oresse_, the oi_o_ ±avorao,_0,, _t._._several
features ,I the .........._.a_er_,_ cont._o_L were consider_,_ _'.7_-,slraoie.

Host of t__e _iight-test results arc presente _ _.n_ ,..........cd

in relation to the recommendations for satisfactory stability

and control characteristics given in ref,_ _.n_es _ .._"_....._-._'

T _41-_4 7

Characteristics of uncontrolled longitudinal motion.-

From the t_....me _orie s 'o_' _<'_±:es_o_.u'--=7.--=.__pe__'-_'io_ osciila.tions

shown in fi_'ure 15, it is observed that in every condition

investigated the oscillation of elevator an_le and n-_rmal

acceleration fol!owin_ _ release of the elevator control

completely disaDpeared afZer one cycle.

_na-racteri o_" in -: '-__omcs steady fm±g__,_0_-The elevator control

characteristics in stea@.y straight flight are sho_-n for four

fii_ht configurations in fi_'ures 16 to 19. Y_om the variation

of elevator angle with airspeed_ it is o_-_e'A,,that the s.ir_oTane__

exhibited stick-fixed stability over the test speed range for

all four flight conditions.

The stick-free stability of the airplane , as indicated by

the slopes of the control-force airspeed curves at the trim

speeds, appeared to be satisfactory over the speed ran_c for
....... _.,_:.oions. in each c_ _e_hc climb, _lide, and 7sn_i_g ...._÷ _n
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cou-_ro_-force gradient at trim speed was greater than the

minimum value of 0.02 po_n_d per nil3 per hour as reco_:-s,.ended

in reference 3 when friction in the control system is low. The

friction in the elevator control system of this airplane is

app_o.ximately 0,75 po_u_d which is less than the maximum

value of _ pounds prescribed in reference 3. For the wave-off

condition it is obser.ved from figure !5 that neutral stLck-
free stabLlity eXLStS at thc trim speed.

_,i-._7¢stc'_er _ _ _- • _7_, 7-, _..÷-_,_7 • 7 ,_,_d i:,.", mT._.,.,_7c_ of t-_e el ...... to.. c ,_o= ..... m'.._ ............ - ......e

C'L_.. ..... O_,t'I_±_uLOS i!% .#_A%Cklkl_ O"e ',-_,STcr,<e3_ b;<

_7___ _-:_ histories, of t_;o i!.andin:<s _". ....o..,.eo-<e .. _ ---.

From the ti!lle histery of the lanqg.ll%;%" S]?.OLql il_ -fi._<ure 20_ it
s seen that the ar>ount of _-_,,77 force nec,_ ..... '_"_,- to bL_,.nc

the tail__ down was in excess of the _., _oouncls n:axiD.um force
recormuen(%ed in _c_eremce _. Vo,:.,_-_-_T_ bT_ese forces coul6_

possib].y b.ave been reduced by making u,-_(::of the aclclitional !2 °

tac" angle available. Figure" 21 _,=£-c,,_o_'_'_"....,<_,- t,::,,0'_'_'-tl-_,celevato'_ _
...... t,-econtrol was sufficiently powerful to _,__o_d0_,::, '""a-_ .,plane off _,_

ground until tlu,_c,--point c,ontact _,,,,-a_ma{Lc.

_ _ I-_, stretchC._.ntro!-system characteristicso- The ela,_i___._ or
i_ the 7,7 -,-_.. 7 ---_-_",-'_"_ _ "--_---_- _.--"- " .... -' e F_tn_,t_ ....... -_on_ro_ o.,j5,._.1 in t .... '_ of t,te aileron a_,l_

.__ _ _. _- ., t]ao _-a _un__,on eL . . ai].eron centre± force _'s determined on the

_' "_ is pro .... cd in fisure "2, From tt_s re7ationshi'o an '_[_LLb _1 ....tt'- ) _IF_. S _. . .-- ,.

fro::: an avc:ra{:__evariation of ai!_e:,ron control force with teem.!

....- _°_" ai_!cron an_7].e obtained __unco__ ruc u<_ .. _-- ;,udcle:.r-fixed aileron
t_e roJbio of '_ " 'rolls_ '_ .. _

no-load uncorrectoc: a_le_ ,n ancle ms shown as a fuuctie:n of

control force in figure 2_ for t_,_ee a .... _eed_ From these
curves it is observed that the stretch in the system is con-

siderab!y in excess of the limitin(_ ..... " _ ......., _,q_.,1Z or:-_,'mt (reference k)

that the streu.,:_ _ozr.,,,.u.,o_x.i,,_ _ to s. stick force of 30 r_o'.an@.s
sha].l not --_ ,oe,,_e_,d 20 • _rc _ ...... ""p_ ent 3f oz_o so_,ozc no-los.'3, aileron
deflection.

or± b o ''7"__ ,_ the latera!-corr_ro ....._-" "_hc major poi"tion _ _--
resu]_ts from excessive torsional deflection of _nc r..z_r_u-

actuating torque tube (fi C, 8). The re!uaind.or of t_e stzCL, Ch
<L1.Li _.I ontls.l ]..ll%..-_toemay be attributed to cT.eflcction in the ........ " _......

an _ _ .. . ,z_.l_ z-'otc7 _ could[_ bendin_ in the f.,_e!a/ce torque tube _ "_, st __
be reduced considerably by using aileron torque tubes havinu
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a greaocz cross-,sectional moment o_ ±.,e_ _Zao The use of
-oush oul!.rods in _lace of _he tordgae tubes would el_.m_n_e
a large amount of stretch, but this type of installation
would involve several structural d.tfficu!ties, it should be
noted that .considerable play was present in the aileron control
oy_,em; _ha_ is, w,,th the stick in a fi':ed pos_omonj it was
possible to move the a _ "_- " '_i.,-e_o_-surfaces t_rouqa _O o to ,xo

This lethe _ ..... _. u_=_e..,_ee of play resulte -_ from loose fits in _:_._

several iinhs of the differential mechanism and the a'.!eron

t)rc!ua-tube universal jo'.nts at the fold line of the win_.
Al_houg_i not _'oarZzcu-.-arly o',jectionable ±re=__ a o].!otls

t t.'..e _J _.costan_4__o_i.nt, a z'ec.uc__on ".n .... 7_, in the system could be
effeetcd oy closer fits zn u,_e zno os.l!atzon.

{.'z:_e .:zioo_.on iil the 7st_- 7 ......._ra__--_o;io_o_ S2,_stof_] with no

-o_c[ on the su_-faces is slzown zn zicuze 24 to have an average

friction _...._,m_, _l potmds -_, _,_ anC. soeed.± )I' \rarlo\is i_7o;.[el-; f .... i_

conditions., A typical _" " _-_r_c_ion cu_ve as obtaine_ in fii[j_t
is presented in _', __ __g .... __ The friction mT- f_" -__. _' !gl.,u W_IS

_,_. .... _ lower with power on than that ,,-" _,, _ -'-
to un_, effects of eug!nc ant: propc!ler v-b .... ± ..... ,b_c_,u
friction fez'tea are in excess of tho maxirzUm values _._-! anc_

b,-.5 }pounds soeclfied in refcreuces 3 ar.a _,-_reo.)o_ive_,y,

8.8 upper limits of friction in the lateral-control s_,_ v,_,._

The principal source of fric'-" "_o!o:: i'm t_ic latcra!-contro!

s_soem appears to be in the six sets of _- '_ lets

in each wing guiding the aileron movements (scction ._-_
fig° 8)_ Other sources of frictior; lie in the various links

in the di ..... -'- .. _ ..... o Thef_e_en0ial mechanism and other 7o±v_ ooints
lat e:_al-c ..... " ....o_ :_r_" '_ro_ friction could be reduce@_ c ,_._c:_._ab-y by

eliminating the +_ ......._.__,o _._,_,. rollers and usin_ a direct
connection bet_.,.'centhe surfaces and the torc!ue t_.oe

it may be remarked that the exceptionally heavy ai7.eron
struct'd.re a_d a_o _ ...... _, ..........__,_,_, mass balance necessitated b,.,the

• _ _,_ _ _-_ _ --t7-,7unconventional aileron and supoort design :.,'as_._i_ ....... ,-.
for unusually high inertia in the control sys .... .• oC,.., Thc high

inertia, forces offered relatively groat resistance to any
sudden motion of the control stick and for this reason was

considered objectionable by the pilots. The inertia could

be reduced by a revised aileron design using a simp!ificd

operating mechanism and support°
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Olaracteristics of uncontrolled lateral r,_.=ot_on.____,h._

charc_ctertc_tics of the contr6]---.£21_eelateral oscillation

are _n_._c-,_._ecL by the time histories of figures 26 to 290

.L_ is seen 0nat in every t,_o cone_'_.zuzor.the motions damped

o_.e-_..,a.-La::plLtude in ],_s_ than t_,zo cycles as recommende&

oo, the requlrc/'.ents ,-.f zeference } except in the case el

rated power, fi::,.ocu:p, _'nd 207 miles per hour where the
yon in4 \,elocli;y w'::_s _,ou adec'v,mtely dam_?ed., _:hen the o.._le, s,_
trere c!e;'iecte& au& reie<.s_a c'u _'-'j_" they returned, to ....u._emr_ _. . ..... _._
t','im _3or;z_,zan "'mII').all case_ ence'pt c<t io',: " ..... and.... eel .L_O olO1_S

disappoare& af-cer one cycle,

Aileron C O _ _ _ I _ O l _ _ ..... _ I The_._.rs._eristics_- variation of

_ .... m__.._..mu_np--'r,/2V (the tancemt ofma:d_:LUm rol!_nm vclocity_ ....._ -_-

the helix angle genePat _-_,_-b:¢_ the wing "-'-_.9_, ) _ and aileron
control force with total aileron an_"_.,..;_..corrected _.o_'_

_t_uo_.z. in bl_e cysteLi is Sl_'--_-'_I_]'iin fiF<ures 70 to 35 _<ith

the ai!eron,_ -in t'.'tei]' o;ii:ina! con,L:_tion, _t nay bc se::n
_- _ oi_Q I,lCLXiLi_/,1 "_ _ "I _ -- Z.... z,,c. _=r,ootilZy :'/itT-l_

ancl ].zsis a))Dr,o,':-matol::- p',_-oi:,o:ctional to, the, aLloT'on anC!o
for all con&itions invesgi_latod e:tcog,t in t:nc rated-pe_.;cr_

f].c.pg-dm:n condition at 122 miles per hour° The rol]in7
[' C, ."_ ,_. 'l ,"Y'_ m i" -" r'vm " , .._......... _..... ._._ lil every c,2.se; <+-i ....•:._w[Li[iOd[ los :AO.XiLtl.:l?_ vslvn

_ "I 1 U I" _Z ' " 0 " 2 _ 0C O!_{:I: after the coz:ti'o_s _-_; ....... :-o& _-' ir
.... O ..... O"- r_¢-n .ot_ o,%Civen _eflcctzon an& _:az _t_.LTJ.'_...?_._ i]_L tRIo C -.J-L' o ..... ,.--.. ,

Im _ ...... O L ] t @ 72 U _. L< ..... C: _ -- : b _ 1 b O _" rr;icrr:Iocs ._ _" =

The ro!linj c:'itcrion_ '"[_/'F ..... "_ .... _ ..... " _ 'I ..... ," _. l [Z C; 0 f

pb/2V rcsu,_ol:_: fret C" [: _ _ " : _' -- 0 : _ 0 0 i_ "_ Z' 0 l f 0 :_ 0 C 0 [_ 3 0 ] I ] 0 .:. i] 8. s

" I O_ _U =__00 d bc.lo_." each flight(fign, xO to 3D), is _ " ...... for
condition°



13

_,D':;rOp

Rated

Off

position

TT,

1/? a -

_Wn

!
Ii./2 clo_-m_

J Down
i

_nc_catcl /_._ir,.,oced pb _7 for _O-nound

_ _,j#nhh] i---c°ntr°l force

f

92- j 0°0.:',0
-1"

o0_0153 _"

92

; 122

9a

12.2

, 9,:2

155
i Go

jQ

122-"

•ode
. ogU

.o62
-- L--

.o3a I

e 0 %-,.,,

' " , 0;::b---

.o61

Risht

f_

O.Oou

.0L'0

.06Z

_Opo

.010

:.o58
09. ,- .070

122
l

oo_7

; 18lifo

number

i

!
t

31

32

_3

oO7i

°°@" ' I 34

! 55, .OL8 !

-J

It is observed that in only two conditions (po_;cr off, .... _jo
onc->a _ and _-u-__ _ down at 92 mph) did _ above -"_"_c_=_:uS r<:o.oll

the minimum oT__ 0,.07 re_o_mme._.-'_ by tns" recu_roment" of ref-

erences _ an& 4. Tke _ __ _,'+• L,.:_ODO io_l oor cd go have i%o ;l&i'kc¢l

effect on the _ _ TM_o,__ng criterion; t>c optimum oosition, _,q_
ever, an_ears__ to b c on,_-",_!f.,_,dcflectio _..,i,,'o cons__o_cnt differ-

ence exists between ti_e values in ri_7i_t roils and Zhose in
left ....__

The ratio.rich of the all.etch control force with aileron

_._o.... . in ficuPcs 50to }r_ for all flight oondltions

s a smooth cLrve Laving a flat pozLtion _r: ezo_c.r side near
n-_ .... osition. The cot "'_',_ o_'_ct_, of tnls force c,:a_c-

_,_ 4 _ ,l_ - " _- " " "teristi¢ and ti_.c _.;_: frzc_mon force in the control _-_cr:,
ten#. to proCucc coor oi-,._l-co ,_+_'- _-.... :,_c_!no cnL:ractcrlsti_ anc!
insuffic_:_t contzoi fool, :,?._ich is obj Oti'one,bio _.... ±IOKI a

s - _-f " ,pilot _s _t<c__)o_nt

A comparison at "- '_ . c0n._, i__oint of the aileron ontrol cliarac-

terisoics _on those of _"__ ori<inal unmociszcd airplane may

bc of some intorcsto For all f!ig!_t conditions the curves re-
] ,",t'_ _'_'_"both " _ "" ,'_..... -; __-m_.xz._.u., _o! ...... .=, vciocity a_ aileron con_r-ol forcc
with aileron "_.... _-...._u, _-ei"e .:._...._ _ linear in the case -"._ thc original

unnodified o,i>planc, but in LTenerai the maximum values of pb/2V
for _O pouna_ of control force wcrc less than those for the Zan.

version of tnc "_ " . -_ " .a_rp=ane The sel_,-ccntcring characteristics of
the orz_in_l unmodified airpi_;ne were superior to those of



" - _ e due to the greater slope of the control-the 4ap airol_n,,
£o_'ce curve at the neutral position and tSe smaller amount of

• f" "_friction in _he contrv_ system.

Til,_a_.=...._on c ....t..o, characteristics of t!-e airplane _,T=bh

the seversl <:odiflcab_oils o.L the aileron surfaces are _,_£i-

cat,_ _,._ by the curves of figures 36 to 3_ Correspon6.in_ curves

for t'-,____o_-i_inrTo.... condition have been inc!u:/ed for _n_roo__ ses of
com_._arison. T}<e ma::imum values of pb/2V resuitin[? from a

ratod-oower _ _•_'+ for os,ch aileron _o_' _cnt _onr. "_i_..,. u, _ ,
'.L _'-L .7_;'/. u

F
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The characteristics of the aileron control with modified

_u_ace_ as compared to t_a_<c in the original col;5!-
tion are as follows:

Yoc!ification io-The effectiveness of the vanes in ci_,_.n_-
ing the lateral-control-force chsracteristics is ir.Ci-

cated by a c%_parison of the results of the aileron rolls
.___o_ with the_ " _-_ oil,_, iq.O_ _O _' DOS-" _'" "" -"

....... :_....-_e_:_,]ts for the orip<inai nose-up vane con-

"_'_ .... "..... _7'a), , b___c:, u,c:i,±oL, (ll_:j 76(3), _ auo ._.o_,_._j It is seen _i....
as a _result of this vane a£justn]ent_ the control forces

• . . - __ • 4-]
were xncreased wm,_._:_.ou_any appreciable increase mn _ne
corresponding rol3.in_ velocities. This is to be ex_ected_

.... in the-:- no position act as _..ft=n_as 0i_e vanes _ _r se-upp

surfaces tending t5 produce aeroCynamic balance an_£ con-

_ec.uc_ion in t!ie a_,leron hin[_e _'_ ....t _sequent _ _ ,_ " .i_).;e___,_,.From the

above table it may be observed that the resulting roilin_

criterion was _ec.,a_ed by this modification Vo-..*ever; the

general shapes of the s eve>s.l curves remained unchanced.

Yodifieation_ =°.- T_e._ off o.,o_'_o-__removin{ tlte vanes from

tke surfc<ces, as shown by a comparison of the pcrtm.mno

curves of figures 36(a), 57(a), and _g(a)_ i:_c!uded both

an increase in control forces for [_iven aileron angles

(averajing approximately the same magnitude as that of
modification i) and a small decrease in o-.e correo:]on,:.mno

rolling velocities° The increase in control force may be

attribute'& to the absence of the balaneinT effects of the

vanes in their original nose-u? position. The decrease

in roiling velocity was probaoly due to the _ap in thc
_oeO_ " _aileron stiffaces or .... uy the remora! of the vanes

which tended to reduce the latcrai-controi cffcctiycness,

From the results of the tests with the first two

modifications, it is apparent _.__aothe presence of thc v_ncs

set in the nose-up position has a do_mr<,b-e effect on the
lateral-con_rol4- characteristics of 4-___eair'clone_ .

• ,,-<..i_ic_,.oion .}.,- T±zc vane axms of rotation _,_ each wing
was lowcro_ in an atgormt to _'_......_,._)_O_C the air l±ow over

the vanes and incrcs.so their co[_ti_ol-foroe-re@-.uction

effectiveness o _• _O vg:lles wore sot at the SO.flenoso-%1o
m.-n_ a froPl aang].e as in the or" "" "zgin_.i condition° _i.....

comparison of the curves for this modification vith those

of the original condition (figs. Zb(b), _7(b); _.n-_ ._o(b)),

it may be soon that this acGuotmcn_ ..... no ............
on the lateral-control characteristics except in the

flaps-down condition (fig. 3g(b)); thc curves being
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fh_;_e_r_q ,, coincldentai with those for tn,_ ori._.nol con-

u._bion_ Thus: _., effectiveness of _' - vsne ap_.

to be .,nc.opendonu m ore pos_,.uioll of brlOiP O,]tiS Oi_ ro_%-

t ion

dociification _.- The areas of the upper surfaces of two

s were reduced _or the purpose of im_<_i_ening.

•.--_t_,.)-_tlowering the corr,espon(.,.m:'sthe cnntrol force._ ....... _-
._ the vanes :.'ere set in the nose-roilinj velocities° '_

down _o_m,_ion, a .:,r_.,._7._o_.of the cva-'vcs for t_ mo<!ifi-

cat'..on (figs° }b (b) and }7 (b)) _,i_h the corrcspo_=n_<.
CtU.?Ve8 el' _'_'= -' "" " ""q" _"'rr.o,___.._aoi_n ._ (_'j_l._o_ 36(a) and _7(a)) i,._l_,.tes

c_feco tl .... a:!.: --o ...... ,_.-., _-_r,_sc _, re_.uctlon on the

Isteral-c_r.t-_ol chaz_act , • _-_. ........... (.r_s_m ....o =,-o,_ these curves it

may be seen t_a_ the aileron centre., forces were consider-

ably r_(_uced w-,o__ou_ a ehan.!:sein the corrosponCing _ol!in_

velocities aud, as shown in the above tL,.bLe, the rol]ins-

cr.__erion values we?re ira]greyed by _n__ alteration of the
lateral.-control surfaces° A re0m_ction of the aileron

upper-sorface area_ _<'n, indicates a favorsble t_enc_ in

moo!if _cat ions.

_.od.tfzc:_o-on 5-- Fro_ t a comparison of tke cu=,.e,_ for

modification 6 (fi{So 56(c) and }7(c)) with those of
modif_ _-" _ _ ,.... - __ ,_ _ _"_ca_=o,, k_=_s, _6(b) and pf(b)) -_ may ._e seen

that slight additional reduction in the cont'nol fo"nce
was effected by placing the vanes in their nose-up

position with the aileron upper, surfaces altered as in
modification Ll-.
±y_<L_'_..C_.tion _.,-- _7n orcler to _.,_-_or,_.__:_ the control forces

._ , _b. f,-'__.cOof t]!e re/la_.L]il%.:.:_-oai%c! l--_sfurther; the uo,0or q' ' ... =
"_..... < <-oI - _" the curves .certain-reduced in arcao From a c_.._.pa:_.... 0..

n_ to this modification with __,=or.eof " _"....._ ..
(figs. _o(c), _i(c), and ._8(c)), it may be obse;'ve-;, that
the cor_tro]_ forces wore ro@.ucc& 2-_or '- _" _ of t±..e iorovi--

C:.OC._ e .- eous r!oCification with no acc _._9_..n__n_ in ro!iin_
t_.o_<_ it is. noted that thevclocitie_.o From the above -_ _-

rol!in_i: criterion is, in ccncral_ hi.sher for t-_zis modifi-

cation than for any of th.:3oroc_._ ,', c:._..n_.....
four "" _," _ - -l±=_z/!_ conditions nearly satisfies the roc'._.mreme p-_ of

O.O7 _ '-_ '_ _ "_ _ .... "_ _ _-., OOO ..... ]O_lC-O_ i1% ± Ci O_ _.-,oeo _ g'.D.£_ _I.

l:odificatior. 7.- Uith the a.-'...ieronsurfaces in tile same

cono.m_mon as mo,:iifice..tion 6 but --,_th the vance, in _=-o

nose-clown condition, the aileron control charactc_,_ics

are sbnwn in fi_ures 36(d), )'7''"teL; ,, a__Id 3S(d ) , TIICSC
'-]. , _'_, _ c- _.. q -" ",',._. for

clArvQs_ 'whc_ coLl',Darc_ to b._LO CO ....... pO,l(.l_, o CL!rVO, S
" , ...." "vor:c of ti%6' v&_lemodification 6, indicate t_e e_luct_ ss
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in reg_aiating the control forces without changing the
roj.-_Z,_b velocity.
.,:o_:].ficatlou < -o_ For the same con&ition as in moclifi-

cat/on 7 bu_ _i;ith the ai!eroi: uppcr-s,_'face slots opon_

_.c c..n_ro± forces were !oworcc! sl±g_:oly, as shown in

figur,_s_ _=6(d)_ 37(d)j and ]S(a)_ over tllosc of mo<ifi-
cation 7 •

rco.:__o of these modifications, it appears that

for n_axir:um roiling velocities and minimum control forces_
the optimum combination or conciitions would consist of those

in r.odiYic -_-_.b__.,n8o that is, with the aileron upocr-surface
,_%i'OO_ro6.tlcecl n -__-_......no. u_-o upger-surfaoo slots open, buZ with the

..,_,_, -_._ .._ ,-,9,'_ ..-...... ,-, O _zo._-_.._,g_.l ..... n_ ,_-...us set in the nose-up p._ition.,

Yaw due to ailerons.- From the f!i_ht-tcst records taken

in furl'dot-fixed ai]]'cron ro!Is_ the sideslip ansle developed

as a result of full aileron deflection for all flap end power

conditions investigated was icss than 20 ° at !I0 _0erccnt of

the stalling speed, thereby satisfying the recuiremcnt of

reference 3 for this characteristic.

Bo!li<g moment due to sides!io Lateral characteristics

of the _: ;..... -__-_-p-,._nc as measured in s_.c<r sidesiios were doter-

mined in the following flight conditions:

Power lF!ap, position i indicated airs_ced (mph) ! Fi_<ure

, Up I co and 155 ':
Rated'i Down 92 and 121

I
I I ,L - ,

Off I Up I o2 and _j_<_ : q-i
I Down i 92 and ]___-°_ i k o

From the figures it is soon that the variation ",f aileron
_-7_q ©,7 t7

. .. _.10 _, b11 0i%.... _o._. with sideslip e.n[g!e is pro_ros.sive s;nd fc.irly _ .... "

either side of neutral ai!oron anc!e for all _+±__-c_._oconditions
inveot-_at_o.. AithouG;h no co_orol-force records were t _._-.
it is orobablc that the curves r _ + ....... :-_'-___ _,_,ao].±±C: s.i_o-:'Or'l ,_,O_l,__O1 ,_oroo

with sic!osiip angle would have a flat p'_rtion near zero control

force, as in the co.sc of o_7 ._ ......e_on co<rbrol ckaracteristlc_ tend-

z=£_ to producc poor ccnterinc c_,r_.c_Lr_stics.
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ot_._±in_ Ch_rac _er_stlcs

The st " _a.,.!_m___characteristics of the airplane for the

various types of control and flight conditions investi._ate4
are indic__ed by the time histories of fls_res 4 3 to 6b.

The more important data and pilot Is notes for these stalls
are tabulatec_ in table _--I

From the recorded data; pilot ls notes, and tuft studies

it is seen that, for all of the flight conditions, the stall

warning was adequate =uf_etln6 .....• _.n_ shaking of t_.e airplane

and controls usually provided a definite _arning before

instability _:as reached. The instability e'qoerienced developed

in a [_a0ua! but unmistakable manner and in most cases was

aaconpanied by a marked increase in t',_e elevator pull force

and rearward travel of the control stick. After the complete

stall hsd developed, it was possible to recover promptly by

normal use of the controls. Thus, the stalling characteris-

tics of the airplane in general appear to be satisfactory in

relation to the requirements of reference 3.

For both po_er conditions and with the flaps either up
oi_e to maintain the _-'"....or one-half do_m, it was not pos _ _ _,l,,_

level in a stall by means of the ailcrons or rudder alone.

However, _,Jith the flaps full down, control appeared to be

pos sible.

In connection with the tuft studies made with the air-

plane in sta!iln_j f!ijht, it _as observed that flo_ breah-

away originated, desirably, at the inboc.r_! and trailin_[-odgc

portions of the upper surface, thence "_........_'._., ._..,._ .j ssin S forward

and _utboard toward thu wing tip° There appeared to be no

tendency toward tip stalling even _ith the flap fully

extended• The absence of tip sta!!in{!_ in this condition

appeared to be due to the small slots in the forward part of

the flaps near the _:ing tips.

]_,laximum lift coefficients.-The lift charactcristics as

affected by the e_<tcnsion of thc Zap flaps arc indicated by

thc avcra_sc stalling speeds from table i and the corrcspondin_
calculated lift coefficients shown in the fo!iowinc table:
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PelTer

c:. b co.

Off

f

I

J

_78"o i ot__±In_ _poed

iposit i,_n ! (mph)
i

TTp : 67
1,12 do'v.,':,_ i 60

Do_,,r._ ! 54o5t

i .... . .....

Up i 80
i/s __o::_ ': 64
Do:-m i 65

::axtmum .....
coofflcient

2 o01

2.42
2_(o

2°05
2.27

The values for maximum lift ooo_=c_,cnt were oe.lculato&

b,r the following ..... :_o,,_,-_- t_ _ _-'-

_i_max_ 3oi ,,.T -Z

whor e

CLt_ax maximum lift coefficient

S
win C Ioadin Z of airoiane_ oounds -oct squ_._ze foot

V s indicated airspeed _.-_,=_.--_-÷_ miles per hour

AZ normal acceleration fo.ctor; z"c_._.z:_o._r,', .... of acceleration in

clirection of Z axis in foot per second per second.

d-'.,vide& my _ in _eet pcr second -,oar _oo nil, at the

time of Vs

g 32o_ feet per second per second

ncg=ccus of±sot of the attitude of the air-

plane on the values of lift coefficient. However, this
. . . _ 0,_.i%0 _effect was not consic!erod to have :sxfficient sisnif-" _ _, to

warrant the reqstivo!v '"_ ..... "_ "_°_""' " -c_z_i_o_.,_o mo ........... __ent in fli[_ht o_ the

an_!e of attac!-_

From the above table it may bc ebscrve& that lo:cerins

the flaps to one-half deflection increased tke maximum lift
_ of ±ncr._,..,:>edu..:;to full fic.pcoefficient more than h__,f the ......

defloction_ especially in powe--of- f-_±L':_. From this it
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_ ol_:.,c_veness the f!ans in increasinE_ thea_pears that the _-_ _" of _.
L]a:._iT,,it_lift coef_"ic "_z_.t decreases _w._ f!a_o deflection°

The st '-'''_'" - sta_.l_, s__d, stalling ..... _....cLlai's,ouel.louIos of the te

., _.,c:,r....seal the pilots la_ora_!,, but
seve_ _.___fea_ure,s' of "-b.uc._iatcra!-.,control c.haract e;_istics _-rere

" _'_ _ _ d undesirable o

From the. r_._o.,lts of _._t_',e ",nve_._t_.,atzons"," _ _" " ' in fli,jnu:" _ and on
the f_round: t_e fo.lLo_-_%nc conclusions may be dra_.,m:

Damp.,n_, o_ the tmco:rtrolled loncitudinal motion was

_.. ...... ,__rc__-,m,_e_ star lon_;.jitulinal stability was
a@.ec_uate i'o; _ the ciir_b, __kicl.e_ _..'av_,-o_ ant iandin.[_ condi-

in the climb, jliS.e_ e.nd "- ..... '=_,_,_[L.,_g conditions for the trim

speeds ''- wi_ich .... .,_ teste,.,,

connie ....... _,_._._factory in iandin_,-,.

_;,., The _ o2e uc.._ in the ._,:.'_'-,_,:_.......,.._,_-_ _"_÷_'_:_u_,_ systc:._ _m.s
unusually hich, princ'.pa?.ly due to t?_e use of a tcrc!ue tube

ill eO.c].t ",,;z".q;:_i_ t_ ,_._,...u_.a_,e _,J.._. &Z_CrO_So

_, The frlctiott !n the lateral-control system :,:s,s

exce.ssive_ havin C values of 7.5 and .-_,!.,pounds measv.red on

_,,nc.in fl-_c_t ,the _round _ _ "_'_ _e_ectivciyo

7. _necause of the larje aileron _rcight and resulozn_

high mass _'_:_'__, the inertia in th_..._,_lateral-control ,,__'-em

was undesirably .hi@.:ho

_Zlations _.rcre acloquatc!yo, The control-free lateral osc'

_ _ " oncl.itions lnve_,t__:,_,.tce.oclo.nlDed, ir_ 6tl,_fli._.;ht c _ _ _" "

9. i,,q_en the ailero;zs _cre c_eflec_ec, and re_e_,_,e_] quic_ly_

;_' and any oscillation ofthey returned to their t_"im pos_o_on_

the ailerons themselves ozs_:ppea_ed after one c_olo.
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3.0+ The maximu]n -_ _.... , I+=o__j.mngvelocity obtained by the aur+:o_
......_e-_one varied snooth_v+_ with the a!leron angle anc_

_.;as nc_zrly proportional to the aileron angle for all condi-
• C _- • _tions inve_i_.t_d e=eept in the rated_po]+;er, fiai_s-do_.n]

condition at 122 miles per hour.

11. The rolling acceleration fol!o_;ing an abrupt aileron

deflection was always in the correct di','oction and reached its
maximum value within 0_2 second after the controls hod reached

their given deflect<on.

18+ The maximum values of oo/=v resulting from a force

of ,70 pounds s.p,y!icd at the control _+i___I_did not roach 0.07
• C _N.QIZ..0_,except in the iandin C _- _....

13. Ti'e aileron control forcc varied smoothly with

..... "_ _ "-" but, due toaileron dofT_-ion for all conditions o_ _imo_!t,

the large value of friction and the low forces rioter neutral

stick position, the system had poor sell-centering character-

istics which did not give sufficient control f6e!.

_-_o it was posuzolo to rc@:acc t.,_caileron c_n_+ol
7 4 7 C' _ _ _7 ! "[7 0 _forces without an accompanying decrease in the co-_'-+rc_+=+o_.+_.__

",+oXxi_ velocities by (a) scttin5 the aileron vanes in their
_-', _nose-up 7coo:teen. (b) re@+'+cin_ the smze of the aileron upper

srr_ _aces-, and (c_ opening the slots in the uooer_+ surfaces.

15_ The sideslip angle developed as a re+:_!_ of full
aileron iefie +_c__on was sati_Jfs+ctorily less than 20 ° at 5no
critical ior-sT_ee_ _onc_muion in rudder-fixed aileron rolls.

16 The _ _ 7 7 _+ " ............... _._ charc+otor_stmcs o_ the air!+_lano , 7n
general; satis,_ed+_" the -++equL,'-+_.+_m,+:++_+'-_+of reference 5+

17. The effectiven+oo+" .... of the flaps in incrcasins+, the

r+axiuum lift coefficient was reCmced ,+rith flap deflection+

especially with power off°

A_+os Acronautics _++-Laboratory_

_+_ffe_+ _iolo; Calif.; Dccombe: B, 1943.
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dmm

Down

TABLE I

STALLING CHARACTERISTICS OF THE TEST AIRPLANE IN ITS ORIGINAL CONDITION

Type of stall Type of stall [Type of stall and Ability ot aileron Stalling _lemtor anglo

Fig. oc_trol requested _a_ain_ (pilot's onntro1 (pilot'S Or rudder to o_ntrol
no, oF pilot notes) notes) roll off after first speed at t/as ot

sl_a oF e_11 (_h) still (def)
i -, i i

Stick back and
held at first Notioooble

43 riming of stall; buffeting at _ No roll off. all Rudder held Fixed.
attempt made to mph, pitohed down one,role smooth nller_ moved in- 70 6 _p

hold miler n_ and slightly mdwPrtently

rudder /_xed

Stick full back; Rudder held /_Lxod.
attempt made to S_ buffetlng at Roll and side-

44 hold ailer_ and 89 mph slip to right ailerons moved in- 88 18 up
ruddor _i_od ndverte_tly

.., , .,

8tick back to

stall/ aileron Began to roll Rolled left
45 alone used to at- lef_ st 70 mph apinst large

tempt control right aileron

No control with

ailerons, rolled
left n_inet nil- 69 13 up

eroDJ

At 69 .qph rudder
8tiek baok to oontrolled loft

8talll _dor Controlled to roll but Following

46 nlo_ used to _ild leFt roll _oontrollod roll,: right roll mun- 67 13 up

attempt eontrol left to right oontrolled; ailer-
on8 moved i_d_r_-

ontl_

Stick bask end

held at /_ret

47 _n_ of stall; Buffottn_ co-
attempt ,,,',do to otwred at 63 mph. Controls smooth. Rudder and ailerons

hold ailerc_ and no roll off FOrces low hold f_xod 60 3 mp

rudder fixed

Stick Full book; At 61 mph a left

48 attempt made to roll _ourred be- Roll followed by Rudder held t_xed,
hold aileron and fore the stick a slight y_w ailerons mowed in- _0 8 up

.rudder fixed ..... was full book ndvortently ..

_tiok baok to
49 stall; aileron SUshi roll and Mild roll starting _od aileron control

at 62 _ph. followed
alone used to buffeting at _ _ph. oon- 60 7.6 up
attempt control 'trolled by aileron by uno_trolled left

roll

Stiok bask to Stall rudder ooatrol

S0 stall; rudder Pronot_oed right Control difTloul%, poaslbla at _i_t.
alone used to roll rudder control sorer stall aeeon- 61 12 up

attempt control fo_eos hea_ troll ailel_as mo_d

.. inndvsrtently ,..

Stick beck and

held st first

51 marnin_ of stall; AotionS smooth Buffet. left Ailerons and
attempt made to preoedln_ stall roll rudder held /_Lxed 58 2 up

hold aileron end
rudder fixed

Stick full--back;' I_finite left

roll. 8anll ale- Ailerons mowed in-
water deflection advertently

62 attempt =ado to Stall mild
hold aileron and

r._dder flxed

8tick back to

stall; ailor_ Ho definite
al_ae_sedtent- matlem8

eemtreI

8tlekb_ok to

54 stall; r_dder Slight rolls
alone used to

nttma_t oontrol

_tiok bask and

held st first Buffetin_ with

55 w_rning oC stall; slier right

s÷tem_t m_de to roll
hold aileron and

rudder fixed

SnOok _11 beak;

attempt _de to Buffetin_ at
56 hold aileron and 80 mph

rudder fixed.

Stlck beak to

$7 stall; aileron Buffet oo_ined
alone used to with roll

attempt control

Ailerons control
Bolls n_inet First roll oFF all
niler_ at Flrat

right, th_ _-
, , |,, p.

_lled right, Me rudder eontrol

rudder lno£f_tl_ p_slhle! aL_gr_

FOr em_rel moved inadvertently

At 84 mvh buffet- Ailerons and

In_ ooourred, but rudder held
with no roll off fixed

Slow roll to the Ailerons and

left oeourred at r_dder moved

80 mph inadwsrtently

Unoontrolled

rolling motions. AilerOns could
hl_h aileron do- not stop roll-
/rleoti_ used ln_ to loft

_tlek beak to At 80.5 m_h First
snell; rudder Sll_ht rolling, roll off w_s son-

58 alone used to at- left to right trolled, bwt not

tempt eontrol b@ycmd this

Stlok back and

59

held at first

w_rning of stall;
attempt made to

hold aileron and

rudder fixed

Stick full beokj

attempt made to
hold aileron and
madder fixed

Stiok _ok to

stall; aileron
alone used to

attou_t control

Stick back to

stall; rudder
'alone u_ed to

attemFt control

Stlok bask and

held at _lrst

w_rning of stnll;

nit, node to

Bu_etlng and

sll_ht rollln_

ooourrad

Rolltn_ bek_n
at 70 mph

Snell amount

of pttohing

Airplane
rolled in oe-

olllating motion

Control possible

throu_hont _a-

_m_r, no bur-

6O

61

62

63

Continuous roll-

ing and pitching
with inereaelng

airspeed

. ,, , ,

Rolled left

into steep
spiral

At 73 mph rolled
left against
nilere_s

Delayed motio_.
lar_ anonnt of
loft roll; re-

ae_ione rough

mild pttoh dmm.
no roll oft

Rudder u_ble to
antntain control

at stnll; ailer-
ons moved ined-

verte_tl_

Ailer_ and
rudder held

1%xed

Ailerons and
rudder held
_ed

_o oontrel

with nl l_rons

alone

_ddor o_trol"

difficult _h_ein_

stall; ailer_

moved Imad_r-

_ly

Aileron8 and rud-

der hold fixed

Ailera_ mad _ud-

dot held flze4

Aileron o_ro_

l_ssiblewith two-
thins mazimm de-

tleetion

Cool.el with r_d-

dew possible at

high defteetions

hold aileron and fetin_

,udder /_xed

Stlok f_ll basks Pitoh _olllntion

164 nttanpt made to Mild rolling _noe Or twton.
hold aileron and them relied off

m_dder f_xed to x'_L_hq;

- Stick _k to Reli_a_ e_eIlla-

stall; niler_ vtld pltoh- ti_a.1_t little
65 alcme used to d_motion pitohing mtil

attw=_.eontrol and er stall
-- Stiek book to >ron_pl_e_-

66 stalll rudder Small control ln_ mad rolltn_
alone used to me.lens set up _du_l_ entire

elewttOr eontrol gllater

t_'ee at time of tab angle

8tall (lb) (des)

6 pull 8 up

38 pull 8 up

,m

40 pull 8 up

31 pull 6 up

_0 pull

0 8 up

0 8 up

4 pull 8 up

,m .

8 up

2 pull

69 4 up 5 pull

_,_ 7 up

82.5 13 up

77.5 29 up

80 16 up

80 lg up

70 19 up

19 up

87 13 up

08 19 up

M 10 up

@6 13 uD

ZO w_

11 up

8 pull

8 pull

22 pull

48 1_11

29 pull

84 Pull

29 pull

ZO pull

24 pull

.28 pull

15 pull

_ pull

80 pull

m

,.=

o

m

m

2._ up

2.8 up

r

2.5 up

Z,6 up

t

2.3 up

2.6 up

2.6 up

|V Pull

.AT;ON£'J ADVISORY



- 
lo 
N 
I 

2 .  



73 
a, 
c, 
C 
a, 
E 
3 
I 
c, 
In 
C .- 
cn 
a 
a, 
C 
Kl 

Q 
L 

a 
+-' 
m 
a 
c, 

a, 
c 
w 

re 
0 

3 
a, 

> 
I 
a 
a, 
X 

I 

- 

.- 

.- 

N 

a, 
L 
3 
0) 

L L  
.- 



_eu, ez" 3,-

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

THREE-V/El# D,_AWIIV6 OF THE
TE3 T A IRPLAIVg .



Figu re 4. - Left wing with fl aps and ai I erons ful ly extended.
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F i g u r e  6 .  -  eft-cent r a l  a i  I e r o n  p a n e l  i n o r i g i n a l  c o n d i t i o n  

w i t h  v a n e  i n  n e u t r a l  p o s i t i o n .  
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( a )  C o n t r o l  s t i c k  n e u t r a l .  

( b )  C o n t r o l  s t i c k .  f u l  I I e f t .  

F i g u r e  9 .  - ~ a t e r a l - c o n t r o l  d i f f e r e n t i a l  l i n k a g e  i n  f u s e -  
l a g e ,  v i  ew l o o k i n g  f o r w a r d .  
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FIGURE I0. - VARIATION OF ELEVATOR ANGLE WITH STICK
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F i g u r e  13. -  eft a i l e r o n  w i t h  m o d i f i e d  u p p e r  s u r f a c e s ,  
v a n e s  i n  n o s e - d o w n  p o s i t i o n ,  u p p e r - s u r f a c e  s l o t s  c o v e r e d  
w i t h  f a b r i c .  
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